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Summary: To establish age-dependent reference ranges for the 3 major urinary porphyrins, uroporphyrin, copropor-
phyrin I and coproporphyrin III, concentrations were measured in random urine specimens from 198 children
aged 0.5 to 16 and 18 new-borns by HPLC. All three porphyrins displayed unique age-dependencies. The highest
coproporphyrin I concentration was observed in the new-born period, which could be explained by a physiologically
under-developed excretion system (via bile and faeces) for this particular porphyrin. Coproporphyrin III excretion
reached its highest value in children between ages 1 and 2. Of the three porphyrins, coproporphyrin III concentration
showed the closest correlation with the total haem synthesis in childhood. A relatively broad concentration range
was found for uroporphyrin in all tested age-groups, the highest mean concentration being in the new-born period.
Quantification of each individual urinary porphyrin enables the diagnosis of certain disorders which otherwise
cannot be achieved by the total porphyrin determination. As an example of the clinical application of these reference
ranges, a case of bronze baby syndrome is discussed.
Introduction
Porphyrias are inherited disorders of haem biosynthesis,
leading to overproduction of haem precursors, the por-
phyrins. The relatively hydrophilic porphyrins are elimi-
nated in the urine, whereas a minority, especially proto-
porphyrin and coproporphyrin I, are excreted via bile
into the faeces. Most of the porphyrias are not symptom-
atic before puberty (1). This is perhaps the reason why
the reference values for individual urinary porphyrin
excretion in children have not been determined so far.
However, some rare conditions, such as lead intoxica-
tion, bronze baby syndrome, congenital erythropoietic
porphyria, hepatoerythropoietic porphyria and eventu-
ally long term antiepileptic therapy in children with in-
herited acute prophyria (acute intermittent porphyria,
variegate porphyria or hereditary coproporphyria), can
lead to pathological urinary porphyrin excretion in
childhood. The reference range of urinary components
is usually reported as the amount of substance excreted
within a certain period of time, mostly within 24 hours.
Alternatively, a urinary component can be expressed in
a ratio between its concentration and that of urinary cre-
atinine. Since creatinine is an end product of muscle
metabolism, this procedure corrects for interindividual
variation of muscle mass, which in turn correlates with
body mass. The ratio to creatinine, therefore, is applied
especially to reference ranges in children.
There are two important physiological factors that one
should take into consideration when evaluating porphy-
!) Funding: HartmanurMüller-Stiftung, Swiss National Science
Foundation, Grant No. 32-40544.94
rin values. First, the absolute amount of porphyrin excre-
tion is less in children than in adults. Second, rate of
haem synthesis in relation to body mass is higher in
infants and children than in adults (2, 3). With only the
adult reference range available, the laboratory results for
children are difficult to use for decision making. Thus,
the adult reference range expressed as a ratio to creati-
nine is too low and the adult 24 hour value is too high
to be applied directly to children. Nevertheless, a gross
estimation based on the adult range can be useful in
diagnosing inherited porphyrias where the elevation of
porphyrins is usually too massive to be missed. How-
ever, questions and doubts are often raised when inter-
preting results from suspected cases of other distur-
bances of porphyrin metabolism like lead intoxication,
Ditbin Johnson syndrome or bronze baby syndrome
where the abnormalities are much less significant. This
situation urged us to establish a precise age-correlated
porphyrin excretion range in children, which could ben-
efit not only the clinical diagnosis of various porphyrias
but also the optimisation of laboratory analysis, since
the sensitivity and the specificity of any test are strongly
dependent upon where the border between normal and
pathological values is drawn.
Materials and Methods
Urine specimens
We analysed 198 random urine samples from children between age
0.5 and 16 which had been sent to the laboratory for amino acid
analysis and contained normal quantity of these constituents. Al-
though the study population was not confirmed to be a healthy
one, the presence of porphyric individuals was excluded for the
following reason. Patients with symptomatic acute porphyrias or
lead poisoning excrete increased amounts of 5-aminolaevulinic
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acid in their urine, which would have been detected as an abnormal
constituent by amino acid analysis. An additional 18 specimens
were collected from infants aged 4 to 10 days who had no hyperbil-
irubinaemia requiring treatment. Finally, to illustrate the diagnostic
relevance of our newly established reference range, the porphyrin
concentration was determined in urine samples from a pair of mo-
nozygous twins, one of them showing a bronze baby syndrome.
Porphyrin quantif icat ion
Urinary samples were collected without additives and kept at
—20 °C until analysis. Creatinine concentration (mmol/1) was mea-
sured in each sample by the kinetic Jaffe method on a Technicon
RA-1000 (Bayer, Germany) before the samples were frozen. One
hundred microlitres of internal standard solution (deuteroporphyrin
IX-2,4-bisglycol in 3 mol/1 HCI, supplied by Porphyrin products,
Logan, Utah, USA) was added to 4 ml of urine. The pH of this
mixture was brought to 2.0 with HCI (1 mol/1) before adding 500
μg of talc (purum, pro analysi, 325 mesh; Fluka Chemie Inc., Swit-
zerland). After 1 minute of vortexing, the mixture was centrifuged
at 2500 g for 5 min. The supernatant was discarded and talc with
adsorbed porphyrins was suspended in 2 ml HCI (0.05 mol/1) fol-
lowed by centrifugation. The talc precipitate was once again sus-
pended in 2 ml HCI (0.05 mol/1) and centrifuged. After removal of
HCI, porphyrins were eluted from the talc with 5 ml of the elution
mixture (4.9 ml acetone and 0.1 ml HCI, 10 mol/1) by vigorously
vortexing. Nine-hundred microlitres of 3 mol/1 HCI was then added
to the eluent and acetone was evaporated from the eluent under a
reduced pressure. The remaining solution was passed through a 0.2
Micron HPLC filter and injected into a HPLC-column.
Measurement of porphyrins by HPLC has been described pre-
viously (4, 5). The three individual porphyrins, uroporphyrin,
coproporphyrin I and coproporphyrin III, were quantitatively deter-
mined (nmol/1) using a prophyrin acids Chromatographie marker
kit (Porphyrin products, Logan, Utah, USA) as standards. The ratio
of porphyrin concentration to creatinine concentration was then
calculated in each sample and expressed as nmol porphyrin/mmol
creatinine. As the internal quality control, a normal urine spiked
with five different porphyrins (uro-, heptacarboxy-, hexacarboxy-,
penracarboxy-, and coproporphyrin I), each at a concentration of
Tab. 1 Reference values of urinary porphyrins in adults










50 nmol/1, was included. Reference values' iri adults were deter-
mined with the same analytical technique in 25 samples collected
during 24 hours. The results are given in table 1.
As stated in Urine specimens, all samples used in this study were
not collected originally for porphyrin analysis. Therefore, during
sample collection, transport and storage, no special measures had
been taken to protect them from light exposure. The samples were
left without light-protection for maximally 2 days. To test whether
there was any degradation of porphyrins through the sample hand-
ling, the following experiment was conducted. Five aliquots from
a urine sample were placed in transparent glass test tubes and ex-
posed to day-light for 0, 8, 24, and 96 hours, respectively. Their
porphyrin concentrations were then analysed by the same pro-
cedure as described before.
Statistical analysis
As an initial step, the concentrations of the three main urinary por-
phyrins, uroporphyrin, coproporphyrin I and coproporphyrin III,
were plotted against the age of the probands (fig. la). An age-
dependency of the urinary porphyrins was noticeable in the result-
ing scatterplots. For further statistical analysis, the samples were
grouped into 12 age-groups. A gliding mean was calculated ac-
cording to the following procedure: mean and standard deviation
were determined from a set that included three adjacent age-
groups. The lowest age group was then removed and the next
higher age-group was added for the proximate calculation. The
new-born group was treated separately and not included in the glid-
ing mean.
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Fig. 1 a) Scatterplot of individual urinary porphyrin excretion
versus age from 216 random urinary samples (closed square: uro-




b) Scatterplot of individual urinary porphyrins excretion after ex-
clusion of 12 outliers (204 samples remained).




Fig. 2 Age-dependence of the three main urinary porphyrins de-
rived from the raw data (in fig. Ib) after statistical calculation.
Closed symbols represent the mean and the open symbols represent
the mean plus 2 standard deviations.
Samples exhibiting at least one porphyrin concentration surpassing
the mean of their respective age group plus three standard devia-
tions were considered as outliers. Since our study population was
not confirmed to be healthy, elimination of outliers from further
statistical analysis was appropriate (6). After exclusion of 12 such
outliers, the size of the final study group was reduced to 204 sam-
ples. The raw data of this corrected study population are depicted
in figure Ib. Once again, a gliding mean and standard deviation
for the remaining study population was calculated with the same
procedure. The results were plotted separately for each porphyrin
(fig. 2).
Results and Discussion
One potential flaw that might affect the determined ref-
erence ranges was a time period (up to 2 days) during
which samples were left without proper light-protection.
A test was therefore conducted to see whether there was
any effect on pqrphyrin concentrations due to the way
these samples were handled. The result showed that
there were no concentration changes in uroporphyrin,
coproporphyrin I and III during a 96-hour (4 days)
period; the coefficients of variation of 3.7% for uro-
porphyrin, 2.8% for coproporphyrin I and 3.0% for
coproporphyin III (n = 4) were within normal analytical
performance. In other words, the values that we obtained
in the entire study did represent the true concentrations
and were not erroneously low.
Each porphyrin shows a distinct age-dependence of the
mean and two times the standard deviation which is as-
signed as upper limit of normal. In the new-born period,
coproporphyrin I is the predominant fraction of the
excreted coproporphyrins, i. e. 68.4 ± 12.3% of the total
coproporphyrin. The coproporphyrin I concentration and
its fraction in the total coproporphyrin drop sharply dur-
ing the first half year of life, then gradually approach the
adult values at around age 9. In adults, coproporphyrin I
comprises only 28 ± 15% of the total coproporphyrin.
Coproporphyrin I is removed from the body mainly
through the biliary-faecal route (1). It shares with biliru-
bin the same transport system for elimination of these
substances from hepatocytes into biliary canaliculi (7).
Elimination of bilirubin from blood into bile, a possible
rate-limiting step in bilirubin excretion, is physiologi-
cally immature during the new-born period. This situa-
tion is believed to be one of the causes of new-born
hyperbilirubinaemia. The same scenario may well be
used to explain the elimination of coproporphyrin I in
new-borns, i. e. excess coproporphyrin I, although rela-
tively hydrophobic, is forced into the urinary' route due
to an overloaded biliary-faecal transport system. This
assumption is supported by the fact that patients with
Dubin Johnson syndrome, an inborn impairment of bili-
ary bilirubin transport, show increases in coproporphy-
rin I excretion in urine (8, 9). The maturation of biliary
transport systems could be monitored simply by deter-
mination of urinary coproporphyrin excretion and the
ratio between isomer I and III.
The maximum excretion of coproporphyrin III is found
in children at age one. It decreases slowly thereafter and
reaches adult levels in adolescence. Since the isomer III
of coproporphyrin (in its reduced form) is an intermedi-
ate product of haem metabolism, its concentration in
urine is likely to reflect the total haem synthesis rate.
The tissues most active in haem synthesis are the bone
marrow and the liver. Figure 3 depicts the coproporphy-
rin III concentration (mean and mean plus 2 standard
deviations) together with the relative liver weight from
both male and female children (3). The age-dependen-
cies of both properties parallel each other (females age
1.5 to 9: r = 0.894, n = 13, p < 0.001; males age
2.5-9: r = 0.85, n = 11, p < 0.001), except in the new-
born period and early infancy when the liver weight is
relatively high and the urinary coproporphyrin III con-
centration is relatively low. Liver cytochromes, as the
main haem-containing enzymes in liver, are known to
be present only in low concentrations in new-borns (9).
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Fig. 3 Age-dependence of urinary coproporphyrin III excretion
(mean and mean plus 2 times standard deviation). Values below
the mean are depicted by the grey area, values between the mean
and plus two standard deviations by the white area. The relative
liver weight of females is indicated by light-grey symbols, those
of males by dark-grey symbols (3).
This may affect haem synthesis and therefore result in
the observed divergence of coproporphyrin III concen-
tration and relative liver weight. The relative weight of
bone marrow, another major site of haem synthesis, is
supposedly higher in children than in adults. However,
exact data are lacking. A direct comparison of relative
bone marrow weight with coproporphyrin III excretion
is, therefore, impossible.
Uroporphyrin shows some interesting features. Its high-
est average excretion occurs in the new-born period,
when its level is far higher than that in adults. After a
sharp decrease to less than 3 μιηοΐ/ιηοΐ creatinine at age
0.5, the concentration stabilises itself for the rest of
childhood. The upper normal limit, defined as the mean
plus two standard deviations, however does not parallel
the mean value. Rather, it fluctuates by showing two
concentration peaks between age 0.25 and 0.5, and at
age 1.5, respectively. The reasons for this relatively large
interindividual variation in urinary uroporphyrin excre-
tion are not known. Table 2 lists the reference values for
the three major urinary porphyrins in childhood obtained
in this study.
Bloom et al. measured total urinary porphyrin excretion
in three age groups, 0—9, 9—18 and > 18 years old
(11). The results provide a limited aid for porphyria di-
agnosis. Rocchi et al. studied the excretion of copropor-
phyrin I and III in new-borns between 1 and 10 days
old (12). Our reference ranges cover a broader but more
subdivided age-spectrum, and therefore enable diagnosis
of suspected cases of porphyrias by using reference val-
ues for the age in question. In addition, these reference
ranges are established from random urine samples that
are much easier to collect than 24-hour urine, especially
in children.
Urinary porphyrin concentrations determined for a 10-
day old baby were: uroporphyrin 28.6, coproporphyrin I
162, and coproporphyrin III 58.5 μιηοΐ/mol creatinine.
Tab. 2 Urinary porphyrin excretion in childhood
Age [a] Number Uroporphyrin
[μΓηοΙ/mol creatinine]
mean mean + 2 SD
Coproporphyrin I
[μιτιοΐ/mol creatinine]
mean mean + 2 SD
Coproporphyrin III
[μπιοΐ/mol creatinine]
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Compared with our newly established reference values
for the new-born group, all three porphyrins were ele-
vated significantly which indicated a bronze baby syn-
drome in this patient. This finding was consistent with
the abnormal porphyrin levels determined by other au-
thors in blood from a patient and from an animal model
with the same disorder (13, 14). There was no distur-
bance of porphyrin metabolism in the parents of the af-
fected baby, as their urinary, faecal and erythrocytic por-
phyrins were all normal. The urinary porphyrin concen-
trations of her monozygous twin sister were within the
new-born reference range. These results suggest that
bronze baby syndrome is probably a secondary but not
an inherited disorder of porphyrin metabolism.
This is just one example of the clinical relevances of our
reference ranges. The age-dependent individual porphy-
rin reference ranges will enable precise diagnosis of var-
ious porphyrias in children.
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